I. INTRODUCTION
Tectonic geomorphology involves the study of (i) the impact of tectonic base level fall on the processes and morphologies of fluvial systems and (ii) assessment of the relative degrees of tectonic activity of mountain fronts, or other structural elements, during the Quaternary Period [1] . Morphotectonic indices are very sensitive to the climate change, resistance of the basement rock, tectonic process resulting into landscape evolution. Thus the analysis of active structures can be done by using morphotectonic indices.
Review of literature shows some of the earlier studies identified signatures of active tectonism in Peninsular India [13, 19, 32, 33] . Remote sensing technique forms an important tool to identify signatures of active tectonics (e.g. [21] . Over the years it is found that geomorphic studies are helpful in detecting signatures of active tectonism in cratonic interiors [1, 5, 12] . The present study focuses on identifying the active tectonic features from an area of ongoing activity through different morphometric analysis.
The present study is an attempt to identify the signatures of active tectonics evidences of active tectonic signatures, using geomorphic and morphometric analysis as a tool. Historical seismic records of this area are showing that occasional micro tremors are occurring in this region near around Desamangalam since 1989 [11] . The maximum magnitude observed (M L=4.3) during 1994 Wadakkancheri earthquake. The study discusses the anomalous variations of morphometric parameters related with active tectonics in the study region. This study can be used as an indicator for the identification of active faults in similar tectonic setup.
II. TECTONICS
Southern Granulite terrain is characterized by Moyar bhavani , Palghat Cauvery and Achankovil shear zones etc. [7] . The study area is falling in south Palghat Cauvery shear zone, one of the major shear zones of peninsular India. The region of ongoing microseismic activity falls in the southern flank of the palghat gap, a conspicuous geomorphic feature associated with Palghat -Cauvery shear zone,in the western Ghats.The only break in this lowland extending from Palghat to the Cauvery delta is controlled by a zone of E-W striking planar tectonic fabrics [7] . An E-W trending gravity high also coincides with the Gap, while the charnockite hills on either side are characterised by a strong negative anomaly [31, 17] . A recent study identified a shear zone along Painavu and Trichur called Karur-Kamban-PainavuTrichur shear zone. Periyar fault identified in the SEISAT follows this shear zone. In another study Desamangalam fault was identified which located in the northern part of the study area [11] .
III. GEOLOGY
In the study area Charnockite massifs dominating the northern hill ranges bounding the Palghat gap, and those in south are mostly composed of a variable suit of charnockite gneiss and pink granitic gneiss [22] . Even though the charnockite are appearing massive in quick observation it shows considerable joints and well developed south dipping foliation in detailed observation. Younger intrusive granites, syenites, some basic rocks and dolerite and gabbro dykes are observed in this area. The granite bodies generally occur as fault or lineament controlled plutons emplaced between 500 to 700 Ma ago [26] . Dolerite and gabbro dykes related to Deccan volcanisms are cutting across the crystalline rocks trending NNW -SSE and WNW -ESE are observed in the region. The emplacement of these basic dykes is controlling the NW-SE lineament patterns [18, 14] .
The rocks are extensively lateritised in the midland region masking the underlying features. Tertiary and Quarternary formations are seen in the coastal strip. Coastal sands of different colors, mostly brown and white are seen along the coast of the study area. They are occurred as fringes of parallel sand bars, sandy flats and laccustrine deposits. Alluvium is restricted in the river channels and flood planes in the north-western sector.
IV. STUDY AREA
The study area lies in the southern flank of the Plaghat Gap in the Kerala state of India (Fig. 1) . The study area lies between latitude 10° 15' N and 10° 45'N and longitude 76° 0'E and 76° 30'E covering 2300sq km on land. The general topography of the area shows the big hills trending NW-SE are lying in the South east part of the study area. As moving from east to west towards the Arabian sea flat lands exists with the gradual slope towards sea.
In the North it is bounded by the Bahrthapuzha river while in the west the Arabian sea exists. As per the seismicity Coimbatore (1900) earth quake is the biggest event around the study area. The southern part of the Bharthapuzha River is also experiencing t he microseismic activities since 1989 and these activities are still continuing there (Fig. 2) . The biggest event M=3.8 occurred on 19.07.2012 near Tannikulam, as recorded in Peechi observatory. Many such local events are plotted with the help of single seismological observatory located at Peechi (Fig. 2 ).
Topographic maps of this area show that Bharthapuzha is the only major river flowing here along with some small river in the southern part. Earlier studies suggest that a NW-SE trending Desamangalam fault of reverse nature has affected the course of Bharthapuzha river from N-S to NW-SE [12] . While other small rivers trending viz NW-SE (Mangalam puzha and Gayathripuza), NE-SW (Vadakkancheripuzha), and E-W (Bharathpuzha), NE-SW (Manali river), E-W (Karuvannur River), E-W (Kurumalipuzha), E-W (Chalakudi River) are also falling in the area. The delineation of the lineaments (Fig. 2) , identification of anomalies in the drainage network has been done through visual interpretation of Landsat as well as toposheets. For the qualitative and quantitative analysis of the drainage network the area has been divided into 138 sub basin taking the third and fourth order drainage in consideration (Fig. 3) . Anomalies indentified in the drainage system and their with the lineaments is demarcated to analyze the influence of the lineaments in the drainage system. Several parameters have been calculated i.e Basin Elongation Ratio, Topographic Symmetry Factor(T), Asymmetry Factor (AF), Valley Floor to Valley Width Ratio (Vf), Mountain front sinuosity(Smf), which has been used by many researchers throughout the globe for the identification of the tectonic activities [1, 28, 9, 27, 34, 23, 6, 16, 15, 2, 3, 29, 24] . In the present study also the qualitative and quantitative analysis of the above said morphometric and geomorphic indices have been done for the assessment of ongoing tectonic activity.
VI. GEOMORPHIC AND MORPHOMETIC PARAMETRES
Various studies done throughout the globe by various researchers has documented through their work that the changes in geomorphology such as change in landscape, evolution of fluvial system induced due to the tectonic activities can be identified with the careful study of geomorphic features and indices. The geomorphic features and indices are such as Valley floor/Valley width ratio (Vf), Mountain front sinuosity (Smf), etc [1, 28, 9, 27, 34, 23, 6, 16, 15, 2, 3, 29, 24] .
As discussed above study of various geomorphic indices given by Bull and McFadden [1] has been widely used and tested throughout the globe by many researchers in the tectonically active area e.g SW USA [1, 25] , Costa Rica [34] , Oregon Coast Range, USA [23,] the Kachchh region, India [30] , southeast Spain [29] and western Taiwan [4] . In the present study also, an attempt have been made to identify any subtle deformation associated with tectonics using the following geomorphic indices. In the present study, the area has been divided into 138 sub basins. The parameter listed in Table I has been utilized for the qualitative and quantitative analysis. 
A. Valley Floor Valley Height Ratio
Subsequent studies were done in the southern part of the Bharthapuzha river. Through the remote sensing and topographic map studies it is found there a network of interconnected drainages is existing there. Some drainage are converted into the cultivated lands and some are still active. In some of the location viz Kadavallur, Chalissery, Peringod both dry and active channels are field checked also (Fig.4.) .
The major directions of the drainages are N-S, NW-SE and NE-SW. Using the remotes sensing and the field data all the interconnected drainages seen in the north west part of the study area was mapped (Fig.5) . For the better understanding of the drainage system in context with the tectonics valley floor width to valley height (V f) ratio was calculated. 
where Vfw is the width of valley floor, Eld and Erd are the respective elevations of the left and right valley divides, and Esc, is the elevation of the valley floor [1] . In determining Vf the data are measured at a given distance up from the mountain front. The ratio was calculated at about 27 locations in the study area along the active streams and the identified paleochannels. The results show that broadfloored valleys and narrow valley are seen in both NW-SE and NE-SW direction. As the drainages are approaching to the Arabian sea, almost flat lands are there and the values of Vf has increased but still it is low in the little higher area. 
B. Mountain Front Sinousity
Mountain-front sinuosity (Smf) is defined as Smf = Lmf/Ls (2) where Lmf is the length of' mountain front along the mountain-piedmont (foot of mountain) junction and Ls is the straight-line length of the front. The Smf index reflects a balance between the tendency of streams and slope processes to produce an irregular (sinuous) mountain front and vertical active tectonics that tends to produce a prominent straight front [1] . Mountain front sinuosity is a balance between the tendency of uplift to maintain a fairly straight front that coincides with a tectonic structure and the work of streams that tend to erode irregularities into the front [1] . In the study area nearly all the mountain fronts are trending NW-SE direction except few tending in NE-SW direction.
Based on the previous study a classification for the values of the ratio has been given, in relation to the tectonic activities [1] . The classification is as follows:
 Smf =1.0 -1.6, Most active mountain fronts those associated with active range bounding faults.  Smf =1.4-3.0,Mountain fronts with lesser activity but still reflecting active tectonics  Smf =1.8 to >5, Inactive It is observed that the major trend of the mountain front in the study area is NW-SE and NE-SE. In the present study 33 stretches have been marked along the various mountain fronts for the calculation of mountain front sinuosity.The results are given in Table 2 . Mountain front sinuosity of the study area lies between 1.11-2.46. Out of the 33 stretches 14 stretches are are falling in the most active front range. While rest 19 stretches falling in the less activity range. It is observed that the majority of the NW-SE mountain front is showing the lower values of the ratio. It may indicate that the activity is continuing along both the trends but, more vigorous along the NW-SE trending fron in comparison to the NE-SE trending front.
C. Elongation Ratio (Re)
Elongation ratio is represented
Where A is the area of basing and L is the length of respective basin [1] . During the investigation 138 basin in the study area were marked (Map 3). The values of the ratio are ranging from 0.43 to 9.8. In all the values of the ratio it is observed only 9 basins are having values less than 0.5 and falling in the tectonically active range. While 93 basins are having values between 0.5 to 0.75 and coming in the slightly active range. 38 basins are having the value more than 0.75 suggesting that part of the study area as inactive. Since average of all the values of elongation ratio is 0.672 and coming between 0.5 to 0.75. It is observed that the anomalous values of the ratios are associated along or in the vicinity of the NW-SE trending lineaments. The anomalies observed along NW-SE trending lineaments may indicate the control of NW-SE trending structures within the study area.
D. Assymetry Factor (Af)
Asymmetric factor is the ratio existing between the area of the basin to the right (facing downstream) of the trunk stream and the total area of the drainage basin. For a stream network flowing in a stable setting and uniform lithology, the asymmetric factor should be equal to 50. In all the other cases there will be a change in value to either side of 50 [8] . This index is used to detect the tectonic tilt of the basin areas [10] . This quantitative analysis has been done for the 138 sub basins delineated for the 3 rd and 4 th order drainages (Map 3). The asymmetrical index is determined by using Eq. iv for each basin.
Where Av is the basin area includes the secondary drainages in the right side of Main River (km2), At is the basin area includes the secondary drainages in the left side of main river (km2) and AF is drainage asymmetry index.
In the present study the asymmetry factor have been calculated for 138 sub basins. The value of the ratio is ranging from 12.74 to 84.74. If it is considered that 45 to 55 is the normal range for the basin tilt within the study area then 39 % of the basin are falling in below 45 category, 39% are falling in above 55 category. Only 22 % of the basins are falling in the normal range. Majority of the basins are showing tilting that is anomalous, which may indicate the influence of the tectonic structures, with in the study area.
E. Transverse Topographic Symmetry Factor (T):
It is represented as
Where Da is the space from the midline of the drainage basin to the midline of the active belt and Dd is the space from the midline to the basin limit [5] . In a completely symmetric basin T = 0 and as asymmetry increases T approaches to value of 1.0. In the present study also the values T is ranging between 0.03 to 0.8. It is observed that the basins falling along or in the vicinity of the NW-SE trending lineaments are showing the high values of the ratio.
In the qualitative assessment of the tilting of the basins, the higher values of T may indicate the topographical response of the area to the lying structure with in the study area. The high values of T may indicate the ongoing tectonic activity in the study area.
VII.CONCLUSION
Computation of all the geomorphic indices is done by using GIS 9.3 and considered to be suitable for evaluating the effects of active tectonics in the study area. Five geomorphic indices, viz. basin elongation ratio (Re), transverse topographic symmetry (T), asymmetric factor (AF), valley floor width to valley height ratio (Vf), mountain front sinuosity (Smf) have been used for the identify geological tectonic structure with in the study area. Anomalies identified in the Re, Af and T factors may indicate the topographic response of the area to the prevailing structures there in the present tectonic response i.e compressional. The anomalies observed along the linear valley through Vf and the on the mountain front sinuosity ratio gives the direct evidences of the ongoing tectonic activities tough its very feeble. Since 1989 the area is experiencing the microsiesmic activities. Which is an add on the to the deformation observed in the form of anomalies identified in the present study. Majority of the micro seismic events and the anomalies are observed alonf or in the vicinity of the NW-SE trending structure. Thus the present study has identified neotectonically induced geomorphological changes associated with the segments of NW-SE lineaments which can be a source for a future seismic event and also first step in the direction of seismic hazard assessment. A detailed study and monitoring along these structure will help in the proper assessment and potential of these structures. This can be the next step in the direction of the seimic hazard assessment.
